Atty, Dkt. No. 032026-0754 



> • - mS n, the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1 . (Currently Amended) An optoelectronic device comprising: 

a multilayer semiconductor structure including an InP substrate and an active 
region, the active region comprising at least a hole quantum well layer of a semiconductor 
containing antimony and at least one electron quantum well layer adjacent to the hole quantum 
well layer which comprises a semiconductor containing nitrogen to provide a type II quantum 
well structure,,whcrein the_semiconductor contajnmgmtrogen is InAsN . 

2. (Cancelled) 

3. (Currently Amended) The device of Claim 21 wherein there is an electron 
quantum well layer on each side of the hole quantum well layer and there is a barrier layer 
adjacent to each electron quantum well layer on each side of the hole quantum well layer to 
provide a conduction band profile for the active region having a W-shaped configuration. 

4. (Original) The device of Claim 3 wherein the electron quantum well 
layers are in compressive strain and the hole quantum well layer is in compressive strain. 

5. (Original) The device of Claim 3 wherein the electron quantum well 
layers are in compressive strain and the hole quantum well layer is in tensile strain. 

6. (Original) The device of Claim 3 wherein the thickness of each electron 
quantum well layer and hole quantum well layer is between approximately 10 and 50 angstroms. 

7. (Original) The device of Claim 3 wherein the barrier layers comprise 

GalnP. 

.:/!,. 

8. (Original) The device of Claim 1 wherein the electron quantum well 
layers and hole quantum well layer form a first quantum well stage, and wherein the active region 
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comprises a plurality of quantum well stages adjacent to each other each having electron 
quantum well layers surrounding a hole quantum well layer. 

9. (Original) The device of Claim 8 including a barrier layer between each 
quantum well stage to provide a conduction band profile having a W-shaped configuration. 

1 0. (Original) The device of claim 9 wherein the barrier layer between each 
quantum well stage comprises GalnP. 

1 1 . (Original) The device of Claim 1 including means for providing optical 
feedback to form an edge-emitting laser. 

1 2. (Original) The device of Claim 1 including means for providing optical 
feedback to form a vertical cavity surface emitting laser. 

13. (Original) The device of Claim 1 wherein the active region generates light 
having a wavelength greater than approximately 2 urn. 

i 4. (Original) The device of Claim 1 wherein the active region generates light 
having a wavelength of approximately 3 um. 

1 5 . (Original) The device of Claim 1 wherein the nitrogen content of the 
electron quantum well is 10% or less. 

16. (Currently Amended) An optoelectronic device comprising: 

a multilayer semiconductor structure including an InP substrate and an active 
region, the active region comprising at least a hole quantum well layer that is an I nGaAsSb laver 
of GaAsSb o r InG a AsS b and an electron quantum well layer of InAsN or InGaAsN on each side 
of the hole quantum well layer to provide a type II quantum well structure. 

17. (Original) The device of Claim 16 wherein the electron quantum well 
layers are in compressive strain and the hole quantum well layer is in compressive strain. 

1 8. (Original) The device of Claim 16 wherein the thickness of each electron 
quantum well layer and hole quantum well layer is between approximately 10 and 50 angstroms. 
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1 9. (Original) The device of Claim 1 6 including a barrier layer adjacent to 
each electron quantum well layer to form a conduction band profile having a W-shaped 

configuration. 

20. (Original) The device of Claim 19 wherein the barrier layer comprises 

GalnP. 

2 1 . (Original) The device of Claim 1 6 wherein the electron quantum well 
layers and hole quantum well layer form a first quantum well stage, and wherein the active region 
comprises a plurality of quantum well stages adjacent to each other. 

22. (Currently Amended) Anoptoelectronic device comprising: a multi-layer 
semiconductor structure including an InP substrate and an active region, the active region 
comprising at least a hole quantum well laver of GaAs SborJnGaAsSb md„a nelsctr^^antim 
well laver of InAsN or InGaAsN on each side of the hole quantum well laver to provide a type II 
quantum well structure, wherein the electron quantum well layers and the hole quantum well 
laver form a first quantum well sta ge, and wher ein the acti ve region comprises a_plu ralitv of 
quantum well stages adjacent t o each other, the device further The d e vice of Claim 21 including 
a barrier layer of GalnP between each quantum well stage to form a conduction band profile 
having a W-shaped configuration. 

23 . (Original) The device of Claim 1 6 wherein the percentage of Ga content 
of the electron quantum well layers is no more than 30%. 

24. (Original) The device of Claim 16 including means for providing optical 
feedback to form an edge-emitting laser. 

25. (Original) The device of Claim 16 including means for providing optical 
feedback to form a vertical cavity surface emitting laser. 

26. (Original) The device of Claim 16 wherein the nitrogen content of the 
electron quantum wells is 1 0% or less. 
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27. (Original) An optoelectronic device comprising: 

a multilayer semiconductor structure including an InP substrate and an active 
region, the active region comprising at least a hole quantum well layer of GaAsSb and a electron 
quantum well layer of InAsN on each side of the hole quantum well layer to provide a type II 
quantum well structure wherein the electron quantum well layers are in compressive strain and 
the hole quantum well layer is in compressive strain. 

28. (Original) The device of Claim 27 wherein the electron quantum well 
layers are lattice matched to InP. 

29. (Original) The device of Claim 27 wherein the thickness of each electron 
quantum well layer and hole quantum well layer is between approximately 10 and 50 angstroms. 

30. (Original) The device of Claim 27 including a barrier layer adjacent to 
each electron quantum well layer to form a conduction band profile having a W-shaped 
configuration. 

3 1 . (Original) The device of Claim 30 wherein the barrier layers comprise 

GalnP. 

32. (Original) The device of Claim 27 wherein the electron quantum well 
layers and hole quantum well layer form a first quantum well stage, and wherein the active region 
comprises a plurality of quantum well stages adjacent to each other. 

33. (Original) The device of Claim 27 including a transitional layer of GalnP 
between each quantum well stage. 

34. (Original) The device of Claim 27 including means for providing optical 
feedback to form an edge-emitting laser. 

35. (Original) The device of Claim 27 including means for providing optical 
feedback to form a vertical cavity surface emitting laser. 

36. (Original) The device of Claim 27 wherein the active region generates 
light having a wavelength greater than approximately 2 um. 
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37. (Original) The device of Claim 27 wherein the active region generates 
light having a wavelength of approximately 3 urn. 

38. (Original) The device of Claim 27 wherein the nitrogen content of the 
electron quantum wells is 10% or less. 

39. (Currently Amended) A semiconductor laser comprising: 

(a) a multilayer semiconductor structure including an InP substrate and an 
active region, the active region comprising at least a hole quantum well layer of a semiconductor 
containing antimony and at least one electron quantum well layer adjacent to the hole quantum 
well layer which comprises a semiconductor containing nitrogen to provide a type II quantum 
well structure , wherein th e semiconductor containing nitrogen is InAsN ; and 

(b) means for providing optical feedback to provide lasing action in the active 

region. 

40. (Original) The laser of Claim 39 wherein there is an electron quantum 
well layer on each side of the hole quantum well layer and there is a barrier layer adjacent to each 
electron quantum well layer on each side of the hole quantum well layer to provide a conduction 
band profile for the active region having a W-shaped configuration. 

41. (Cancelled) 

42. (Original) The laser of Claim 40 wherein the electron quantum well layers 
are in compressive strain and the hole quantum well layer is in compressive strain. 

43. (Original) The laser of Claim 40 wherein the electron quantum well layers 
are in compressive strain and the hole quantum well layer is in tensile strain. 

44. (Original) The laser of Claim 40 wherein the thickness of each electron 
quantum well layer and hole quantum well layer is between approximately 10 and 50 angstroms. 

45. (Original) The laser of Claim 40 wherein the barrier layer comprises 

GalnP. 
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46. (Original) The laser of Claim 40 wherein the electron quantum well layers 
and hole quantum well layer form a first quantum well stage, and wherein the active region 
comprises a plurality of quantum well stages adjacent to each other each having electron 
quantum well layers surrounding a hole quantum well layer. 

47. (Currently Amended) A semiconductor la ser comprising: 

(a) a multilayer semiconductor structure includi ng an In P substrate and an 
active region, the a ctive reg ion comprising at least a hole quantum well laye r of a semiconductor 
COntaininajntimonv and_alJeasLoneelectron qua ntum weUjay er adjacent to ibeMfeJaantum 
well laver which comprises a semico nductor mitainingjiitroge n to provide a type II quantum 
ffidl structure; and 

fbj means forjffiiyidingjoMcal feedback to provide lasinjLaction i n the active 

region, wherein there is an electroiLguantum well layer on each side of thejiok^anjbmwell 
layer andjh ere is a barrier laver adj acent to each electron qu antum well layer on eac h side of the 
hole quantum well layerjo provide a conduction band profile for the active region having a 
W-shaped configuration, and further wherein the electron quantum well layers and hole quantum 
well laver form a first quantum well stage, and wherein the active r egion comprises a plurality of 
quantum wejjstagesMjacent to each other each having elec tron quantum well layers surrounding 
a hok.qumtuin_well. layer, the laser further The laser o f C la i m 1 6 including a barrier layer of 
GalnP between each quantum well stage. 

48. (Original) The laser of Claim 39 wherein the means for providing optical 
feedback forms an edge-emitting laser. 

49. (Original) The laser of Claim 39 wherein the means for providing optical 
feedback forms a vertical cavity surface emitting laser. 

50. (Original) The laser of Claim 39 wherein the active region generates light 
having a wavelength greater than approximately 2 urn. 

5 1 . (Original) The laser of Claim 39 wherein the active region generates light 
having a wavelength of approximately 3 urn. 



Atty, Dkt. No. 032026-0754 



52. (Original) The laser of Claim 39 wherein the nitrogen content of the 
electron quantum wells is 10% or less. 

53. (Currently Amended) An optoelectronic device comprising: 
ajnultilaye r semiconductor structure including an InP s ubstrate and an active 

region, the active region comprising at least a hole quantum well layer of a semiconductor 
containing antimony and at least one electron quantum well layer adjacent to the hole quantum 
well layer which comprises a semiconductor containing nitrogen to provide a type II quantum 
well structure. Th e device of Claim 1 wherein the semiconductor containing antimony is 
InGaAsSb. 

54. (Cancelled) 

55. (Previously Presented) The device of Claim 1 wherein there is an electron 
quantum well layer on each side of the hole quantum well layer and there is an optical 
confinement layer adjacent to each electron quantum well layer, the optical confinement layers 
comprising InP or InGaAsP. 

56. (Previously Presented) The device of Claim 1 wherein there is an electron 
quantum well layer on each side of the hole quantum well layer and there is a cladding layer 
adjacent to each electron quantum well layer, the cladding layers comprising InP or AlGalnAs. 

57. (Currently Amended) An optoelecm^c^dc^comprisingj. 
a..multilayer semiconductor structure includ jng^ai LfaP-S^^ and an_active 

re^jonJLhe activejregjpjjcomrj^ a hole quanmm_,welLlAyeL,oLa^semiconductor 

containing antimony and at lea st one el ectron quantum well layer adjacent to the hole quantum 
well laver whi ch comprises a semiconductor containing nitrogen to pr^ 
J. t ' iei e is an electron quantum well layer on each side of the hole qu antum 

i i d .. a barrier layer adjacent to each electron quant um well layer oneac h side >£ 
mejvole^guantum well layer to provide a conduction band profilefcr the active region havin &a 

> ~ i ■'!!. jnd funheT +rte~tk^-ee-- of Claim 3 wherein there is an optical 

confinement layer adjacent to each barrier layer, the optical confinement layers comprising InP. 
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58. (Cancelled) 

59. (Previously Presented) The device of Claim 16 wherein the electron 
quantum well layer is a InAsN layer. 

60. (Previously Presented) The device of Claim 16 wherein there is an optical 
confinement layer adjacent to each electron quantum well layer, the optical confinement layer 
comprising InP or InGaAsP. 

61 . (Previously Presented) The device of Claim 16 wherein there is a cladding 
layer adjacent to each electron quantum well layer, the cladding layer comprising InP or 
AlGalnAs. 

62. (Currently Amended) A semiconductor lasgrcomprising: 
(a) a multilayer semiconductor structure includ in&jmIrjP_su^^ 

active region, the active region co mprising at least a hole quantum well layer of a semiconductor 
containing antimony and at least one electron quantum well laver adjacent to the hole quantum 
well laver which c omjmsesa_s^rn iconductor containing nitrogen to provide a type II quantum 
well structure, wherein the semiconductor containing antimony is InGaAsSb: and 

(b\ means for providing optical feedback to provide lasing action in the active 
rjgjoj JThe las e r of Claim 39 wherein the semiconductor containing antimony is InGaAsSb. 

63. (Cancelled) 

64. (Previously Presented) The laser of Claim 39 wherein there is an electron 
quantum well layer on either side of the hole quantum well layer and there is a cladding layer 
adjacent to each electron quantum well layer, the cladding layer comprising InP or AlGalnAs. 

65. (Previously Presented) The laser of Claim 40 wherein there is an optical 
confinement layer adjacent to each barrier layer, the optical confinement layer comprising InP. 

66. (Cancelled) 

67. (Cancelled) 
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